Abstract We have reported that porcine pancreastatin inhibits cholecystokinin (CCK)-stimulated pancreatic exocrine secretion in conscious rats. In the present study, the effects of mammalian pancreastatins on exocrine pancreatic functions in rats were compared using synthetic pancreastatins (porcine, bovine, human, and rat). Rats were prepared with cannulae draining pure pancreatic juice and bile separately and a duodenal cannula to return bile-pancreatic juice to the intestine and with a jugular vein cannula. After 90-min basal collection of pancreatic juice, CCK-8 (100 pmol/(kg h)) was infused for 3 h with or without pancreastatins (100 pmol/(kg • h)). All pancreastatins significantly inhibited protein output at an equivalent molar potency. These results suggest that mammalian pancreastatins have the same biological activity of a comparable magnitude and exert a similar biological action on the exocrine pancreas.
were deduced from the gene structure of chromatogranin A, which was thought to be a precursor of PST (KONECKI et al., 1987; IACANGELO et al., 1988) . Bovine, human, and rat PSTs have 79, 70, and 59% homology to the porcine PST and the biological active C-terminal portions of PSTs are almost identical among different mammalian PSTs. These peptides have been synthesized by solid-phase method (NAKANO et al., 1989; EFENDIC et al., 1987; FUNAKOSHI et al., 1988b FUNAKOSHI et al., , 1989a . Porcine PST has been shown to inhibit glucose-stimulated insulin release (TATEMOTO et al., 1986; EFENDIC et al., 1987) and stimulate insulin release in the presence of a low, non-insulinotropic concentration of glucose (4.2 mM) from the isolated perfused pancreas (ISHIZUKA et al., 1989) . Therefore, there is no question that PST plays an important role in the regulation of insulin secretion. Recently, we have reported that the porcine PST has an inhibitory action on the cholecystokinin (CCK)-stimulated pancreatic exocrine secretion in conscious rats (FUNAKOSHI et al., 1989b) . The aim of this study is to evaluate the effect of these mammalian PSTs (porcine, bovine, human, and rat) on pancreatic exocrine secretion and to compare the potency of PSTs with that of porcine PST in conscious rats.
MATERIALS AND METHODS
Male Wistar rats (308-330 g) were obtained from Shizuoka Jikken Dobutsu (Shizuoka, Japan). Synthetic CCK-octapeptide sulfate was purchased from Peptide Institute, Inc. (Osaka, Japan), bovine serum albumin (BSA), from Sigma Chemical (St. Louis, MO, U.S.A.). Synthetic porcine (1-49), bovine (1-47), human (1-52), and rat (26-51) PSTs were used in this experiment (Fig. 1) . Animal preparation. Rats were prepared with cannulae draining pancreatic juice and bile separately and with a duodenal cannula (Silastic Medical Grade Tubing, Dow Corning, Midland, MI, U.S.A.; 0.025 in. inside diameter x 0.037 in. outside diameter) (MIYASAKA and GREEN, 1984; MIYASAKA et al., 1986 ). An identical cannula was inserted into the right jugular vein for the continuous infusion of PST. After the operation, rats were placed in modified Bollman-type restraint cages and were given free access to food and water. Experiments were conducted after 5-h fasting on the third or fourth postoperative day. Experimental design. Bile and pancreatic juice were collected separately every 30 min. The volume of pancreatic juice was measured by a Hamilton syringe. After 20,u1 of pancreatic juice was taken for measuring protein concentration, the rest of the pancreatic juice was mixed with the bile and returned to the intestine by a syringe pump (Harvard Apparatus Compact Infusion pump, Harvard Apparatus, Southnatick, MA) for the next 30-min collection.
Effects of synthetic porcine, bovine, and human PSTs and the C-terminal fragment rat PST (26-51) on the stimulated pancreatic secretion by exogenous CCK were examined. After the 90-min basal secretion, the infusion of 100 pmol/(kg . h) of CCK with or without 100 pmol/(kg . h) of PSTs, was started and continued for 3h. Bile and pancreatic juice were continuously returned to the proximal intestine through the duodenal cannula. CCK and PST were dissolved in 1 % BSA-saline solution and infused at a rate of 1 ml/h. Protein concentration was estimated by determining optical density at 280 nm of samples diluted 200 times in 0.04 M Tris buffer, pH 7.8.
Results were analyzed by the Student's t-test. Differences were judged to be significant at p < 0.05.
RESULTS

Effect of pancreastatins on pancreatic protein secretion stimulated by exogenous CCK
The infusion of 100 pmol/(kg h) of CCK produced an increase in pancreatic protein secretion. The C-terminal fragment of rat PST (26-51) significantly inhibited pancreatic protein secretion stimulated by CCK 2 h after the start of PST infusion (Fig. 2) . Full sequence of porcine, bovine, and human PSTs significantly inhibited pancreatic protein secretion stimulated by CCK in the same manner (data not shown). Increments of protein output above basal stimulated by CCK with and Vol. 39, No. 6, 1989 or without rat PST.
without PSTs are shown in Table 1 . Increments of protein outputs produced by CCK with or without PSTs were significantly different. There was no statistical difference between values (fluid and protein output) of porcine PST induced and that by bovine, human, and rat PST when analyzed by unpaired t-test for corresponding values.
DISCUSSION
We have reported in a previous study that porcine PST inhibited pancreatic exocrine secretion at a concentration one hundredth lower than the level which inhibited pancreatic endocrine secretion (FUNAKOSHI et al., 1988a) . This inhibition turned out to be not via an inhibition of CCK release in conscious rats (FUNAKOSHI et al., 1988b) . The inhibitory mechanism of pancreatic exocrine secretion remains still unknown. Since porcine PST could not inhibit amylase release from dispersed acini in vitro in the rat, it was suggested that PST might act on exocrine pancreas indirectly (FUNAKOSHI et al., 1989b) . Interestingly, the inhibitory effect of PST on pancreatic exocrine secretion appeared 2 h after the start of PST infusion, suggesting the secondary effect of inhibition of nervous system such as vagus nerve or releasing inhibitory factors. Although ISHIZUKA et al. (1989) reported that porcine PST did inhibit amylase release from guinea pig dispersed acini, we observed that rat PST had no effect on amylase release from rat dispersed acini . In spite of controversial effect of PST in vitro, our data in the present study indicate that in terms of inhibition of CCK-stimulated pancreatic protein secretion in vivo, the molar potency of mammalian (bovine, human, and rat) PSTs are almost equivalent to that of porcine PST. The potent effect of the C-terminal fragment of rat PST on pancreatic secretion suggests that this portion of the molecule is important for the biological activity. The similarity of the PST structure to a part of chromogranin A molecule suggests that chromogranin A is in fact the precursor Japanese Journal of Physiology Table   1 . Increments of protein output stimulated by 100 pmol/(kg with and without 100 pmol/(kg • h) of porcine, human, bovine, and rat pancreastatins.*
• h) of CCK-8
